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I.. UJf!lHJ 'Jvn'l'ION 
'"!bitt r$po.rt ts c·ono<.lrned wit.h tho i.rr-EHitnent or relntiv , lt 
high con contra 1 on~ cf th~ parintinice toxo.ph.eno,. 'l'<J:ir..r::_r, 6ne 1.& 
comri only usiH1 fo-t> th"' co · tro of ~e.toµnrn.si ~s of 1 ... V&5tocl~. 
·irn~ eonc~ntrfltlon or toxE1phane U.$f.f ct for n1p1,~ing l tv~at oek ia 
pl."<.t~ently o. ~:,; to o.6 percent by weifth.t. 'fu~ c.one0nt~r..t o. ot 
t oxaJ-'>h~ a, in s. dippln.s vat .me.1 be a m1lli.on t1ris s the ooneen ... 
tr~ t!on th~t ia: to.:d.c o .fitsh or eauee · t1u~ ta a.~d odol' 'P oolem , 
1 -c,rt!i k ing wa tet'. 
Tho gtteat st dang.er ot Hatet- i-,ollution fl"o,-Ji the uee or 
p~$, t 1cid. ~., nt , resent, tlppoa.ra to b~ aec1den .al, ep1llag~ Off 
Wfl ·htntt of $p1"1.\1 {!qui_pment . The dtL~)ing of animal dip vats 
)fitho-wt tr ... atm:ent would c rt$1.nl :r be o. ·ta:.anrd.ou - eihwt:!:orh 
T'1is 1s Ger ous pl"'<ibl~m 1 ~(UtUtHl¼ thor-e s:r~ ftZ)'W' econ.om onlly 
acc~p tB. l -0> met 1.cicl.r; ".'or di pon1ng ot th dipping v~t cottt $nta. 
!t 1..-; t hor roro- noao$s~1~. to in:f'om the uBers of pt'H:! "1 o1des 
o-f .,h~ pr~far l"' •,d me thods of $h i 1,"1pin. , us1rie, t!~a:at-1.ng and 
dlspo~ing of pes·icl ••• • 
'!~ere ~:l1"~ fe·w 1ndiv1 th..1.al0 w-ho w11l r.-.wecrmm~nd ,pe<tf.fi,o. 
r1$ thods, for d1s;,osin.g o!' eo.nc~nt ut~<;.i p~stiaidtui • Ar.tQng the 
~ethod pr ~~ ntl y in u nre: 
l. I -eola,t.e.d m.ibturr~ee hur!nl or l ~nd fill. 
2.. T~.a ,lt'M~nt by mui:H.cfv~.l b1ologio~1 t .P ntnHtnt plant • 
J.. Dilution by d"J;l1iipini i n t;he oe~e..n. 
4. llt.Hl'tructiv~ ehlor1nation or combuetion. 
2 
5 'Pret1t•eit:;t!~1..1nt, ~uch &s !.on exoh~nge or a soz,ption 
to rurth~. · conoentret8 the pe.,st ... eida i r-ior to adiepoctll11 
The a·~ov0 t'tiethodt, hn\"tr, not :all 'b$en stu H.ei" "O eneur~ tt.~.t 
tJi y re 00"'11, l {it,').l ::r ntit:f'~ .,tory. l "nii, r port will 1nc11cl'-lt" 
wh~t. ~. ... b, ~Xl-!v · .·cl from the biolo .1.oal d$~ · t;.datlon of 
toxa. nano ,;._. tho aotivnt~c t:luc:.ge ·tn"1:H1tmen · proc~e • A 
m ., thod of Pl"etr•t).n.t .i1~ ·rt .o rethHl9 th' ef:f'luer:tt · .ox, hene t.y 
cone.e.r·.tr't1t n i:i; 1.t f"or ~ 01: ... -0 :ecorH:Y-mioe.l ,.H.s1,1 !Sal 1s al~.o p rtHt nt-.d. 
Org~.nio Cn~mtc.:n:1$ ns one of 1ta watt\t"' y;roll:u t!~n, p~.ram<rit,-ora. 
ln th'£! aseellem~nt ot wat?.-r polh tion, fl.ll of the l~gitim ~t.e 
b:, pollut ion., ll--:Utt be oonei d-ered. ~b.o$e nniy ra.nga rrom 
min.'i.n<JJ1,:11 r-&quir~~errtB to~ ru1,v1ga.t1on to the ·ul ti,m\t~ tn wa.t .oP 
qual1 y d~m{!ntfod for drirtliini wata:r tind 01?:'tatn 1nduotria1 
b-0~t and :rrH)tt ~ff~ot1v~ ~~tho,i of at' '$.Ok". bowirq _"r,, in the 
dotze€t1o nmJ i:rtt'!-ust~i.!tl. 1,;our·c~1) a oom.b!nnt:ion or pr@vonttt),tiv• 
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0 'ubl1o Heal h Sii:PV1o~ 1962) rncorr.m-en th~ rri..ax1:"'.'lum · ,;)t1.oant:t .. e.t.1on 
of e ti~bon chlorofortil extrac;t ( CCB) ba lim1t<Hl to 0.2 !r~/1. An 
the m...~ hot;m or ,'iet~ct1ng th\')tn'> e ontt1mh1®.nt,: b con e m.e:re ee:rrni t.ive 
an d th~ P0~$1.blt1 h1~.ru1 fi".ootti on ri..:tlmtm b.ef~lth dit-eotl·Jr o:r 
1nt$1rectly' beeo.mo lmown, ttor~ . ·tr!.r gent l:h:'!1 ta ttone msry be 
im otaed,, . ' 
5 fa{ g/l. r.l:her~ is no >e·Y! dGnc~ ot: phys1olog1e'1tl effeets an 
hmfw.tns ~~1ru.l ting fr~ orgf.lnie m;~tt\t>ial& in tb..e aono¢,ntrat1on.s 
tound 1n watert: .· on-·tc:;;.tc to £1,rfh but 1 t has ~en su.gg st d 
th8.t the ehr-Gn!c ph:yniologic~l .off~ete of thtUHt materi.n.11 
b ~ed on loni-t . aor1 t~p :fon boul ,c1 'b in.vi~ -tt~~t ·d { .. ,merie.Qn 
Water \·lork:; Aes·oeiation 1961}. 
l.. f).•~,.r ~ies 2! !f'!!Hz.t:81:lJl 
Tozto.phf>rHl 1 d~tM.rri 'b~d ~.s '1 ~hlt>rin t .i o. cn~phen iibose 
~pn•r ,o,dma e !tm:p1rical formula L C10 n10 Cl 0 , rgr,,re~~ntins 
a ehle>rin() o.ont~nt ot b~t\.:~en 61% a.nd 691; (Earn 196) ). 
Th$ wax ... like LI b ttu1c& w~s d:1$¢11'\1'~1•ed by a oh~,rd t or !i;crcn1l~us 
;~owder C¢mpeny Oa tehn(:lr 1952). It was ot-1g1n lly cnllod 
!foreule 3956., lmt in 19149., e.t th~ requ~1tst ot th~ n"eptu" m~nt 
of Agr!eul tu:re, tho t od.'l t1f).!!1e Toxo,phen wn~ r(;)l.~t.'l. lr'¾d . 
1rox~pheri$ ts req,,:,·rt~~ to bl;; 1n ·olubla in w~te::· .. bu 
h1&hly soluble :t.n .o:rgtrnio ijt)lvanta enrl oils (Anor1~ ou 1960). 
~ohen (1960) r-,gports tht'l '!.-11ttt,-0 r aolubil ity <>.t toxaphtn& 1~ 
C) 
n.bout o.li .rttg/l nt 25 c. 'l.' ox1lph1in10 ie ri~po·r t e :, to un,de'X"go 
2. .!E.,~ Ue0:r; !tt. :-tgft!!~PJ::ep.~ 
tJ'hj)) U.lH:t~ 0£ t oxetphone include th$ oo:n.t:rol ot gra shopr,,arc, 
~oil T,'l(lats and l<ne.n1 1n~ecti that iittnolt !'01~~ge or-op.es, €)otto11, 
encl eertu,.tn v~gt,ta.blet"; . ., It hae be~n itend by 6-\ n1.mbar or 
eoto9xa:v.aiit0s or lituir.too'k. 'Ihe :pr0ee-rrtly raeo:nunent:e oon .... 
oJuitrtt.ti®. UfHH fat" liveirtoo;k :tp tirn.x, 1~ 5iOOO to 6,000 
millit! l"eJt,. pt: r l: t~r-· (me-/1), ln l<nsJ.u, dip ... :nnk s are pr19t~ntly 
Ut'ied fo,:, th:e control o,f eha.:,p tll0{1ibi05. '!'he 6-i Jl v at~ I'& 
eoremo l y po.rt .cble 't/!il.t 6 of 1:50 to 250 ~ca:.llon cElpao.1 ty ( Sehubert 
"'1'hich contain 1,000 to 9,000 gnllons ot postic1 clt1 U~letten '1966). 
). ±?1[~il!I !,9~a12heri! 
Th~re hav.a, be:en eevt)n (7) roport-oc human d~ ath8 {) •\~e a by 
6. 
toxa~~hon · , all o:f which were ch1ld~eth 'Z:he m!n1~al hwnen 
:i\cuttt l~tha.l oral tfo~e is ,.., stbuited to he 2 t-o 7· gr f:ti1<$ (Rn e& 
r @qu1r~d to kill !'1$1".1 do :not pt't3tHH'l.t P... -publlc hrHil d1 hazar d 
i n dz,-1.nlt1ne; WQtor (A:rnin-•iaen ·r:&ter Wor-~e .,sfl!oei at1on 1961). 
r:,a.s .e;.s of t:ir.a~to tmd odor prohl0!fis • t .l" -~t:-~ent int _.,.i•~r: nee 
limit nt 0 •. 2 ms/1 to1'" ;:;n5to an ;. o ~or ·pr £-•1ention {F,ibl. ie ite,1lth 
e:;~rv:to~ l 962) • 
Ta, to½;leity or pe~ti.oidas to aquatic li:Co has had much 
The t<>x.io eoneentritien£t or toxaphetHl ro·un<l 1n t h~ 11 te:ratu-ra 
vnri o·s .!'I'Orti 0 . 005 ro.g/l. to l ,O mg/l (Mr;Kee e,nd :dolt 1963 ) • 
fl'hl)) vnri ~tion tn th~ r0portlld toxic l ~vo-le ·m.s iru:'l ueneed by 
7 
relfll,tiv" ,ly f1x~ c1 on the bottom. .a.nd n.re fiiUbject to th~ w:nte 
flowing o,;,r-,or ,.,ha~1. }Sor.ti tortn£ of the$e o:rge,rd.e~ i •f'l -Q,vrt1-r~ntl1 
b!ti nt; dO,i~ h: thg W'et~r Polhlt ton t urva1 llime~ Sy.a ·,em ( Fublio 
thnd.th t,ervtce 196,3). '!'h'9se ot1f7-&n.ism.s 1will b~ :no.jor indicators 
of water qu1.;li ty i n t h~ f 'u.ture. 
Birds "1re Ql$o very susee1,,t'1ble to th~ t oxi ci t y or 
toxa-ph ,¥1$·• Ji stngle spray ing ot l+S pounds pet~ s,cro- wn,.s 
!'!'.tf'.1 to mt,r.ny duo~ s t f (-: watorrowl. Young p h~"ia, n,nte w re 
ki lled 1n two days ~ftet" f,-JH3cing on 11.rntly eprt1<"red ne,,e,h 
and gra~n v~ 1ret~L.ion . :..;hen t be bire3r; them.irnlv·1ui W5ro 
ligh tly s p r ayi!H1 Etll dii.,{~ w1 thin 56 hours- ( McHe7nolca 1966 J . 
Th.e rn1nute que.n -..,1 t iae o f organi.e pes t1cido t whi oh m y 
o~uGe p r ·oblem.s .r~qut'.Nl v ,,"'l ry 1ten 1 ive mfHUtur-tng tlevict:,e., 
['.ome watel' qullli t y er1 t e r1n which htnr~ btMm uerne to t dicet9 
organic :polluti on tncl.u :e1 Anionic Surfirn tr,nt$ ( ABS £Ind LA::1 • 
: h0nols 1 Tes ta ~nrl Odor ( threshold od.or), ancl Co.l"bon Ch.lorof'orm 
l~xtraot (CCE,). Th.e :method-s oi' arual ys i ,. for these 1nd1oatorn 
Rr~ set f orth in t.he boo~t ·1.Stzin<l a.r d .A.$ t.hods for tt Ex:11u-'\1 nat1on 
of iia t!!r -ant}, Wa.$- t.S 1·.~t'llrn (atrt~r iean i'ublie Uf!) n.l t h As ,ooi.~t ion 
1965 ). 
Th~ mor(1l recent d0tect 1on devie~s f't:lr 01·gimte conta!·r.iinnnts 
include the ga... ahrom.a t o&~l"eph anc the 1:n..frtarad e srbcmo ceou 
an«l· Z$r. A briet' deo-or1.p t1on of these device will be made 
wt th a su.mroa.r :r or othar- t~ohn1quem wnion may be a~d to 
8 
tJUppl ent their- use (Ryclm~n 1967). 
C.fhe• de ... r t . on t i n of ~2 ' eomµonn:n · rrov d<,s tb. · qu al1 tnt1v 
(May , et .1 •• 196)) • ., ~ --- .,. 
Bt\S 6 8 well S · 
1962). 
ity tor 
C$1pn or · h ., rnpid <: $tern n t ion or , t'k 11 Am.oun ,e of 
9 
e non ... 
. rt r t rlppi n . tha mple -t a low . a wit~ nn inert gs . • 
1967) . 
co ce.ntr~~;. n v .; d is 1r~ct from r..\11ute W"st efflu . t ). 
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co . bu t i on , ..:e~truc., t vo ch ori n · 1on ( thiH\ Y 1957), ., l v.nlh e 
1:::hlof•i n t1 on ( d~m~ ·ow 1963 ) ., ~· rob1e o.nd aniL r obic biol g i c il 
v 1 11 ri~ 4 ~A··~- t v (1~~ 7 ) ... ~t.~ '(';qj,.C,,. • - ~ '-;,, 4,")I ... .J 7' 1..J ',' 
;poxi de , an~ di el drtn . 
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~1 .. ·•11· ·"nd t,',. , .. .,,,..,. . .,. ... • .. \ ..... . 1,J,.~.,.c1,· ;;,,.1 • 
'Ihe .:i:I 1·rrposnl o'f cone~r1:tt\att:lrl w~.uite:s hse 1no1u .. 1ech dmap1ng tn 
sut!'1oient 011~.h ion w~t.er. sueh S..$ thG oc1.;1 n,. d~posit1nt th.& 
waet 0:s ln an unu~ed querr:r or riht'>le tn th~ groU11d'~, nn<i by 
pest1oid,e ftllowe.d t o d a1n Sci; th.e po:rtsbl.~ vat wa~ towed alone 
a loo·l ootmt:r road ( Schubert 1967). 
pr.-oetHis v · E:$8l$1 ~houl " b(; kopt eloaed end ac·t!:ve.te · eharooal 
traps mn y b~ ne{h iuH:r~\t ( t::.l:i,erp 1956} • 
'Iroatr"10nt of dilut ·w~a t ~i pr,~sents th~ gt-ca · mt ctuilltms ,. 
'the le.r t e voluM.e l?! invol"1.rea .r~:quire lart;e aostlr, 1:nst.alll)t'ions 
and t he .,.one~nt!'.'o t ions \icioh re;me.in toxic arce ao S!tl~ll that 
in ' iv~ enviornm nt ho l~d to n gr -at deo.l of Gonoem. The 
fihlorinFJ.tec h y cl:r•O<'Hllrbon -pestie'lctls htnre btH'Hl of por.ti culiu" 
13 
oonc~r htH!@.U ft<O of their- g1~~at toxtci 't·· to aquatic ors: n s:ms, 
their ocor &nc t.,a$te e.t't'~ct on drinking 1 ~t~r , and th~h• 
t~neenc}c to eonc ntrat<G in l i .v1ng matt~r. 
1 .. e tie O·i1 t io l ot pe~t1o1dea when <:!1eoh.arged in surface 
wetors has. hsd. oonsit'hn,.ablc a.ttent1on t',nc.,l'zntly._ . 'l'omlinson, 
!,! !!• 1196) 1n ~tudiee on t 1e Misoour1 !tiv · r oported that 
1n on~ two wee~ p,et-iod during 19t$0, ein."'bor1. ehlo~erom $Xt racte 
obta:tn&d at St . Joseph, M!Botouri contain c more than the enti~e 
lof.id in tho :t'•tv r for the rt.rn-a!ndor or tht1t ye:a.r. 
It 1e thought thn' ftldtaor-p t 1on on .. he eilt n,nd tu'r'bidity 
pr>efJ.imt. is th(!) lsr~0~t f$ot.or '-n Uu~ di~pott1 tlon or orgn .io 
peet1¢iidet ( Shnl"p 1957, !ltd.}.;Jy o.nd Hsnrtu."\'l 1967, Bill ~nd 
HoOit · t.y 1967). Th$ h :.rtd tt0phob1o ncat 1r, or P·ie ehlorin. ted 
h~tdrooarbo.n a.llow them to oo:ncan~ . ito on thn particulet~ 
!l"\,'l/l t t.~r-. 
l'hCUl!i'l i;'1'JSt1c1dti,~ which !'t:2.•e adillQ't'b d .. d 00 no ~ bre£tk 
down i.lllil.1 vent:unlly cai~o.$1 'C, in mud b&.t'Jf.t1 or rea,o.h the le.d:a "' 
or oc n.ne . ~ihe:t long ... t~rm pr~d1at!on ot p; nt i eice renic:ue 
l9v le m-1.utt incl ude a :pt1~ciiction ol" tho prob~ble anEH:U•oh1c 
<!.iJgr1'd tion of the pe,~ticJ.dea at tbe bottom. ot: ntill watere 
(Tomlinson, !ilt. ~1., 196)). 
14 
'I'he a.ct:tv.f.1t,od slttd •e tr-" gt::nent pla.nt u e, d in thig tud: 
w~s e. pr~.f~bl"io ,too s t . &l tre ment plent l., 1l'he pl !'l.t wo 
inst:allt)d at th~ Water ?ollut!.on Contt•ol i'l~:nt, Ci t j or ·m~s , 
I crwa during thG 1.11~~r of l 966 {Nirrnhe 1967 L. Tha pilo 
pl .snt w,ie e q,· .. d.pped wt th a one b,p. • 17~0 l'J,'mt :not or llh . oh a1"ove 
s pos i tt ve dtepl ee:,u~11 t bloi:r.rr2 at l,32 , r}JP.h 'l'h e blower 
del!v~1rad epp ~oximntel J l'l.:5 ctm at 2.3 :,p,ed.g. The nir- -wan 
del1vared to tna ae1•at ion tank by dit''fu " rm whilo part wns 
of the Jlr'las ~•i2tor .Follut ion Oont r-ol Plant p,:-1 ~"'1 r•y ~ottl'lztg 
t;ri.nie , throu@:h t l :' inoh galvn.nizeo iron p ipe, t o an inlet 
t r·t ton. 
r 
MO.x1ge-stll, :modeJ 66~, bu.ilt by Smith and Lov~l ~ss , L noxa., 
:\R.nsn • !10sign chin~ac ter-1atio~: (l) A ra .. on tfll'nk-oapnei ty 
2000 1allon~, and_ _(~~ Final s<attl ing-tnnk-c pact t;r 672 gallons, 
s ttling t n,H-! .urfnce ,. ret¼ 36 sq.ft . 
2 
oot s .... .Ser1efj AP :rotar y poa1.t.ive blo er, fra.~e numb r 24., 
noot s.-Conner~vill . Div1s!on, es er Induetries, I .no , 
900 \"J.,. Mount Stree+, Conn~rsvi lle, Indiana. 
1 t be t,teen. extenc e • aei-atl on iu1d co,nvent1onnl ec 1vat.ed sludge 
ope?to.t ion. The i n!'luan.t flow N ita, was mra L tr1.in?.H.i at 3 gt.. llon 
p .. :- mi.nut s { gpM) ano the five.day biochet.11 eal ox:yg~n. damend ( f!OD) 
lo ding averaged 29 . 5 lbs . &0 t¥1000 cu . tt. da.J . 'ihe average 
short t i me 
tmfllysee wer4' p~rforr~ed for trial .runs 1nvol v1r g toY..Rr,hene. 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$m'"~ilrdon ,whilet the tOX$.fJh€¥tU> ws-e added by 
1 cali brat~d :t"eeder • 
se\fe.ere for th.e t.r1Q1 r1.1-r1ti;, t wns aesut,1e· that i:. 9,000 g llo~ 
dip tank with ii eono'9ntt-ot.ion of 6,000 tr4S/1 toxnphe ,J, Hould 
l 
c-•• t r of 
Total wt ,. of to~aphene in d.1:p tEJ.nk : 
(9,000 g•tl.)t:h79 1/gal)( 6 , 000 ms/l} = 2. 01i. x 108 ~s toY.eJ ,h n.e 
AssUttH!:, d !HlWage fl O 'W' : 
()00 t1GD : 1.25 X 107 gnljhr. 
Concs-ntrat1on or · oxa. hen~ for u 1 hour du,iping l' riod: 
ti.2~gi9~or !~~7~ Hj."r;" l/gai} = 4. 33 'g/1 tox Y)hene 
Ev~r a.lo.:r ,Autonat ie Cblor1nntor , Mod 1 11, D-l, Evf!}rpure Ino:. 
Ma:. ufaoturers • . :f:; .27 w. 19th Streat, ChitH~eo 8 " llJinois,. 
21 
{J.O gal/min )( J .79 l/e;al)(60 min/ht') : 682 1/hr 
5:o t · 1 wt. or oxaphtm~ r<:,quir0d : 
(4.33 mg/1)( 682 1/hr Hl hr dw,1p ) :: 2.91 gm 
Wt. of 61/ t¢;xn. , b.ane· s,olut1on: 
l'ihile h tonpheno wag b~ing nod. d and tor th ro:na1nd x-
of' the 24 hou ~ p&rio<.'i , two . et<!! of eor,1iJ)Qe1 t ~a.,•r·i;r-ll&~ werie 
to th eo~posi t e saMples tor gs · chromatogra.p ,io ru1al:r. i , 
an ini t ial intlu .'c grab so.:mple a,t l0:00 t- .}~. W'fl ... ta~~ ;.,o 
t he pilo 
22 
Heal th Aflto:d .. ms t ion, 196~) w Th~ totnl 8.nd 'I la tile .SU2l) nded 
$0 · i.dfi anal ~\f1,lie~ w: r d iffia.,•ent !1.'om th~ St~n~~r,4 !siott1C!6,t1; 
415) . 
23 
the sewage in eon'ie instsnoeq,. This cor rel.atlon would b1 very 
useful if to.xayh,one wcn'o to~io the a.&t"Ob1.c ,or·1 a.1 ism ... 1n. 
the biolog1e ,,,.1"es.tmont . t 1A in 1orr.. ta·c l:r:r ' l~tten {1966) the 
{p. 510 ). 
in t h~ aettlin~ tank. 
24 
; tP-ndttrd ifothc,fl! ,1r tt usacl f'o,. the ctttarminat. {)t'l ot th9 d1ssolV$d 
cn:eygon in th." ~1xe 1 li~uor. 
ot thi; 'rlat.1o al Ani11A' D11HH1se 1.~"oorntox-:; OU;, l)L) J\.me . , Iowm. . 
A l'n.oka,rd a;,nf5 !3hl"0!\;1$,'tOgrf¾.ph-1 u i th Q oolu,.~n p., ekt)d l;l.S 
,.. 
ra(;pt"l;-,,anced fo . <:ihlorinat~rl h.yd:roon11tbon tu1alyt51n 4 w·-as us <1. 
it troftt:)t'l 1u.1s uaie<~ ~e tho <H1r-riar gilt nd th!'l l'l'!ea:n a or det ,,., ,:r ton 
we.v by (\leet:r-o:n oe.ptur~. A H,, n0yl,-1t,ll t-fJ""Ol'"d i'ng ayR ... m3 was 
utH>d fo1~ r0eor-~1ne: ¼•he i~tt ohl"O!'il!'lh.,ogrnph nn&lyst (F'tg.uT"e l) . 
(,n0 gta.llon s~vtvl~~ w~r'I!} aoll,a,~tf.l d. a.o 1:ndiostiad 1.n :.efble 2 . 




Liquid :phat!e : 10% Dow :~ tlieon.e,. F'1u1d ( IJC 200). t;ubtltrf\te: 








In ord·er to mda:pt th uant1 t ;' or aqu ,ous a.1'1pl$ t o a 
o1ze or s~para tory ttnn.el eafty to handle,. 1 t '4as nee s A.ry to 
o.1 vidt!i it 1 t,o 700m ~· o:::"t;tons . A 70"' :ml. pox··tion Wt¼B -p locod 
This funn l 
f · U'!O\lS 
l'!'.ffluent. 
27 
After t?ve xt~a,ction w s co.~pl!:\'.t, t~ th sol v~. nt 1 ye.r s 
frc,m ,ho two p ·ratory fUnn l . we~e drain d 1nto o. e 
C(mt::Rine.r and ' ilt~t-ec t. rrrourh E'~h1drous , o i.m ,ulf t to 
et~,ova any re inin!ng w t~r . 
Th fil t rr a olv t layer waf> eva:por~tsd to r. tn 
a bentter using &.n air cn.tr ent to speed &va.portttio · • 'l't 1& 
p:ro<:rass redue~d the voltune ot the 6olv,ont. llin . the tox t.ph ne 
.ron u.tned · s ro · idu& in the beaker ,. 
~he fin l step i n p-repn ~tio of tho filtr te portion 
to~ g .. s c 1~<:>ma ogra h1o ar-u.; · ys i e was t 1!lleol v ·· th~ r o tdue 
from vs r,or t 1o n a t.S~ti .1t$ volu.-no of .solvent. ~this was 
done by r1n.!i~ g the beialt r thoroughly wi h 5 r.11 pot'..,,!on o 
sol vent; a:.'id .~ lnch g tho r1neings in a 2S .. 0 l vol .e.1ts.. ,:H.e flar,k • 
Th~ fls ·k; w s tb~n fi.11-ed to 25 ml with olvnt 
1'"'11 t; r ptt.pers u ... ,. d in the f!l ter1n.g proot~cur. =" tsined 
"'h~ . 11d trof.l. the sample . Th!uio pa.~0r were f1rst o ·k<'t 
in 9~;1: ,othyl loohol !'or 2 ... 3 hours. tr'1,n"i.nr, th.1 t.it"!le t he 
toxaphtmn, nd,to:ro:~c: o the solidn: wns t1. t.Hiolved by he alooho • 
Tb.e alcohol eclution t.Ja _ 11 .xt filtered to remov part1elen 
of !911tor ~pAr,. te . snd th fil trnte !lute<: to 700 ml 
\.ti th 1,;o,tl':lr,. Th s fil tr: te { t.n11cb contain· d the toxa11ht}?l . 
orie nall r . !'0s~ ·. ln th ol1<ls) v.Ha pr. pared .for g r1 
chro!\1~t·of{r • ph1c .nalz;sis: a-" de c 1 bed fo1• t ori.g na f11 tra 0 
; ortion 
as 
1ottter colu~, may ho:vo tncf'(Hl 1 d ... h~ aenni ti v·i ty a~ '. h 
analysis by allo .ring the toxapi'v.3. o to pn s trn"oui::h tb., 
coJJ.ltnrt f~0ter thsr('}by oo."'pr . s~in: .. th 0 e-m~ar" into a rclat1vel . 
ch:rom to~raph had t.o bo used fer the no:rmnl tun ct ioni ot 
ch.art ead on i.he ·,onarw~ll roco:rder- tin ll<Ot tif.t Um r.1ni r1t:um 
peed to cor-1p re s th :, s ·-~ear n ai o.uoh a • po s -ci bl • 
Th to1ta~;henn eor1c0ntr,_ ton WG•~ d;et~rr'!itHH:l. by a o.harti.c · r-
i tic pa-fll height at1 1ndtcat (1 in Fig.1r l. . otand rd 
ret -ron 
concentration 6et£ rPttnatiot1Jh 
r.rrh.e tox1t.d:. t/ of the tox11ph(m0 b~for-e and a.. te tt"e .tm~~ t 
v:as not deitert".:11ned, Hino cbange~ ..::.n the s ·ruct\u-•e of t ~a . b~ne 
ae res1lt of b1ologie:i:\l ti."'ea.trnent in Ph'1 e I cl"' eh ·rd.eel 
p ... , t-raat, er1t i n i'hnse 1I ma7 take lace. 1 .1ich .r:1ight a ti::,r 
.LtS:I ox:tcit~" For XSJflt--,le, partial doeh or-in• t. on r.ntg, t be 
n t gh -. not b 
r,:es chroma· graph r ·r t ·o:phene . Th al torat1on tn toxi~i ty 
c u1d onl 't b r-e't enlecl by ~or.Hi b:1.oassay t ehn1 ,ue and J..u,e 
'beyond thg eo pia o, this ,roject. 
scusaion 
Pl on , O_p•!lfrntton 
The SOD of the plant, 1nflu .. nt V".r- e 1 congidertatily f'rom 
n n 1t1. ::'li..im ob.5et'V d vnlu o f O mrjl t o a mf'.\:lt1r.tum o bst1.rV'A • 
-i11alu~ o.f 53t~ rog/l (F'i guree 2- 4}. The BOD of thf;) r>lant e ~r1u · .t 
of toxtlph n F.1gu..ree 5 .... 7 . 
The $lu,~ge volur e 1nda, ( !:'V!) r t1mainec~ • l attv~l:t eon Jtant 
onci was g"'m3rally lflsa thnn lCO (Figiu,,,.e 8). 'l'h s ettling 
boV'""t 2 mg/1. !fuo l'l'L • . ~-d liquor ,ao. he brown floeeulant; 
ap; nr1m<19 ( Fi gu:r.•~ 9) ttnti 1l1ghtl y mu~ty odor typ.1..c&.l of 
cono~ntration of 
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InfJ.'l.1.cnt and Efflue nt BOD of Trials 5 and 6. 
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Influent and Effluent COD of Trials J and 4 . 
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I nf l u E: n t a nd Effl uent COD of Tri 2.ls 5 and 6 
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0 Inf l11e nt 
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1 2 J L~ 
Conpos :i.tes 
Trial 5 

























































































































































Photographs of tho pilot plant and the aere.tion t.a.nk. 
The toxaphane added to th~ plt'int influ nt n iJ:!"1 2 
for a one hou!" pertod;.. ffh ia .~ -, r .,ant-a,~. n 9,000 ~:;llon 














































































































































































































































































































































































































































































'f1:rxaph~nt, eome,ntrationi 1n fil trAte a.D-1 anlid port.ton~ 














































• SQiP.\1! ,nurl'ibe~& &tea eo"tNtst;IOM to then soowt1 1n Tabl.• 2. 
•• The•• toxaphttne eone?entra.t.1£..t:l, M"tt Mt mhavn on Jl''i~n-tt lo. 
41 
Trial 5 wn.ti eonduoted t•lfi,co weeks after Trial 4. Ab 
shown in P1gur ." 10, the ortlu nt ton?htlne oncem.tre.tion 
1ncr~ sed to 83) -"1 ,;/1 . It t'lu.cnt ss.~. los 1.-:.are tekeri. e.:.: 
indic€lttll.:5 in 'l:inbl<a 2 wtth data !'or l"'~·si.cl,.L l tox phen. in .he 
o.f1"lu.~ t {f1l ~-at-0 ttnd solid 'Oo·r-tlot . } shown in 'l'nbl !~. 
Gn. eulntton of th~ fr t. ot:abl~ tox -~1 :..1 _ whic' .,ue . 6 
.h.r-oue;h :- 'l •'JI t. ~~tm~nt p roe~a1-1 tn 1lr.1al 4 e.nd th t wht h w~a 
?t~ma.1. 1t 1 n th~ Pilot nl nnt two lle ka aft .r 1'.'rial ii. ndi Cf.) t-ed ·-~ - . 
ovei~ 90% of' tht"! t.o:ii:.~:?b~u<te had 151.sZ¼pp~ared , pr'!3tmm ~bly by 
ptHH!~c th1"'cmgh t~h"1 r l n t offlu-:in,_ fron & tot-al of 29!;. g:ra!'l1s 
to~e..phen.0 ti.8dod, A.ft~r t·wo t.teeti e; 0,,15 gt'al.":ls r\1':!nm1nod in t he 
ett-1ne tt"tnk and O .. 43 g,rarnv 'fem.ain, <t in tb~ mixed liquor . 
lt should bo not~d that the toxaph~n w $ o.ciii r! di r ectly 
to th~ flOl:'ation t ~nk oi' the ii. lot p leJ1il';, . 'l'h~l"'a mtf:ht have 
been a oo:ne1der.abl mno 1nt or t o~spb.one rti:moved by the 
Table 4. Toxaphene conoent.rations 1n the f'iltra~ and solid porti,ons 
ot s8mples collected ror Trial S. 
Ernuent 





Crab Sample 7 






Mixed Liquor Orab Saii;,le 6 














































20 • .5 
.56.e .. 
49.5•• 
• Su,ple r~a and d.ates oo?"Ns-pond to those shown 1n Table i 
•• These to:xephene concentrJtt1ons el:Ni not nhown on figure 10. 
not a;;;.oeptabl~ tor moat oondi t1one as evid nt by <Jornpt~r- !30n 
wt th t.h~ :r~ported to,i;;ic cono~ntre.tio of toxs hene to tls .. 
ohown !n F•igure 10 . !'herefo-rs, it WM1' decida.d to e.tte:·.pt 
to deto!lt fy th~ toxarJ1hane by sdft t tion of' sodf:un hydr~o,t d · • 
! ,. h&<l he~n 'r$p-ort~H1 th& t tox~phane w.o,1l d hreak down und ,r 
nF:aline <lnd1t on ( -\i/en am:. ~s.11 1952). U.oorHn• e.nd a z.e:ndn 
(1955) thou ht thnt the toxicity or t oxt1ph~na to fitilh in 
wgt,~:r of. h gh alliralinity w-a.s loss. '£he:, aleo 1'.ou.nd thn't 
detc:nd.f1.ent1on r e sulted 1":rom increasing the :sur.faca contact 
ar['(tt b~tween th~ -wa.tl"lr .a,.n; pftrtiOUl€lt$ 1'nat;e1"inl • 
r;tt,:Hn,.e i1S co.nsi<:lerable evidence t,hat toxai)h.ene ia r e ~".l c~d. 
by -dsorption on part1eul te ina t-er. i'h$ abov-~ evid~rtt.:m on 
~Hltio!'pt ... on woul<i 1m?1oi t e th.a pt'HHlible t';ftmo,t l of' to. t:J)h me 
011 ,ha .nof't.-:-,nL g pr~c.ipitn.te .rc"'ult.tng trom $od1.ui'l hydroxi.ce 
@.6d H.::.io:n. Tor1li~ son, &t, !l•, (196,3) in work on th0 Hissou i 
iU.vqr, se?Jved th~t \;he ineren.&0{~ tnci ,,0noe of taste} and odor 
prohl+lma coinci<Jed with a ?'{:hii; ¢ tion in tur'bidi ty 1n the river 
an<l e.,-,Pnneiot1 ot' ind. s t:t"y in t:h~ ba~in. It wns info1"\~;;'H~ 
thri t ct1e of th0 or 0 1:nic 11,ntori.sl& d.1,J!<¢.ha~'i,ged t.o the ri va:r 
h.ru pr-evious-1:t 'bt,ert aii aor..:.ec by th!,;,. s ilt a.nc tu:ribi.clt+·y p!""ssent,, 
m1.n ri1z1nc, the tnst-e and odor pr-oolaM.e . Bnil~y and He.nnw 
(1967) ol,s-eM{\d, in G~lt:f'o'!'tn n" that pestiei.do oono-entr.u,t. .. on .. "' 
1n :s.nd!:mf)ln s.- wer · muoh. hlgher th.on 1 'WG.tOJr. Evalu , t:to. of' 
the !le..>nple :-~sul ts indicated th t peetieh1i concentrations 
wert1 r11:1l tnd to eoc1:mont po.rt1alfl 1'1ge. 0 .-s)n rt&lly ·.he highest 
oontc) .t in t h:"J r.:&~'1.pl re • .,u l t s V&t"-1.ed f :r•o.m: leec th• n 2:t ( dry 
we i ght) o;t tho low p~st1c1 Je oono ntt-s:tion to be tween 5s; 
highest eoncentrs.tions. 
TJJ dechlortne.tion 1d b7 ndsorpt1on on tbn Eof'tenln~ pr.-ocip n.te. 
An a.t:1ount ,of' sodiu.r.; hJdro1t1,1a: JStlfi"1Q1ent. to soften '!:he W8ter, 
t,o dEH~blorinut,. b y r ~leaei~ or 3 mole~ of hyat"OChJ.01 .. ie ,~ c,t d, and 
to 'l's.c'l t:i-O the µli to 11 • . 5 1. , add ed to n t.ox..n phf.me- suu:1ensicm. 
?<e+ciilr (1955) hm~ rfliorted tt ~t c::ochlorination or linden 
"'h is i-hnee of the work was don e a ·~ the fe li t a?~y "t; ngi.n . ,:,r•ing 
tabo-ctitory,. 'Sng1:naer1.ng Anne1t , Iowa tt at;i, Uti•1 .;rsit:r w th t .h~ 
45 
1 ·1· ,.,. ./ ; ~ .... f!Q''l . .i:; mw 1 as ... ~,.,., ;; 
105 mg/1 atS Galeiun1 
Jb. 4 mg/1 ar:. l!ng;nasium 
298 rn.g/1 as ca~o3 
--------------
l 
Hul tipl ~ Laborntory St1:rrr:,rr, Phtppa anr. -lir<~·, Ine. 303 Sou h 
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1, 000 ,._ 
0 
Toxaphene concentration verses sodi um hydroxide concentration 
(r efer(mce 11: i a l 2 , Table 5). 
-
S.;, rmle :Jo• l 2 3 4 
NaOP ( mg / 1 ) 0 ;50 2110 21 10 
Al iquot :nixed mixed :i:i-x ed suoe;_~nat 2. nt 
49 
Tha. 1m -ly •. #,;le c.f Tr1s.la J snc li wer • :perf.o - d by u n, 
of the : nf'r~rsd e:u:ibon ceou1:t cirrnlyi~r1 • ...·ampltjs of 50 ml 
ittott aam:plef :f'or 5 m1t.1ut~s to r~move i oreanic cnrbon~teu 
and or gani.c volat: tl,~a-; be:f"or~ 1nj~ctineJ, ~i:n f.\liquo·t or th~ 
i 
labora ... or•~ Ce-rbonaeaous -An lyiex, Ho .• 137875, i:fgckr:1.an ln ,trurnenta 
Ine11; So!entifio e.nd i' l"O<'Hute lnstrumtz,ntsi r11v1a; on,. 2$00 HflrboP 
Boulev r d , PulloX""rori; Cal1tornin. The- ~nal ~" t el" consi stz~d or o. 
ne:celcnen Mcd$l ~R-315 inf"l"&r,d analye~;-, a Leede & ;fo~·thrun 
Typ n1r1 model 0 r/' :strip-c'hart rtHH)t'6~r e,nd isp nd .. . p11n " 
· Yfll 1-ecm • 
Figure 12. 
s 
l-1. s8mt=i1e of the Car·bon Analyzeir· output graph. 
Eae;h peak r epresents a sepnr ate sample injection. 
,_, _,) 
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Th~u,e, wan mot'~ earborl. pr~tHa t !n thr1 saro . l · thtm the 
thoortttien1 amo11nt of t he pur-9 toxaphena oould .rtecount for. 
1 er~for>e , t t wa ~scum.~d th~ ..,ol V-)nt u&&f.t 1n the toxaphene 
w.ui .nnlyz(td by th~ gae oh1."0ID-ntograph, no t oxf{ph.,ne wan det~ct~d .. 
T_ ial 2 wt th 6 ,ooo irig/1 or to!lt~pb,no -w I th.en eon ~uc ': ed. 
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.cl t-eo.ueti.01 1 ,S~mpl 4 of 1.1.ri.Hl 2 ,,tu~ c .u~e6 b., tHieorpt.ion 
or to. r,rphan~ on th~ pr1.,cipi tato. It- is al r-"o p rob t:-i.blt t.hnt 
, or 
At this tim~ 1 t 1.z~e de-cit'\ed to mn1'C:~ tHte of th~ 'Labora.tory 
CQrbon A.nalyz r . Th r -~•f!fH>ne fc::rr ch--nngin .:· L.'l'loludod : morA 
In ':'rial .3 nll fouz• stnripl cs ,1ont&1ned &Oo ms/1 toJtrtr,hil.me 
w'!th var ytn.r; am.o,ini; of eochrm b.1d:rox1de (Table !">) . T'b.e 
r e:riov~l or ox-tq: h~ne !n th~ imp~:-. n ... e.nt. t~n.r.<ipl ., 11- w1 th only 
7t~l remttval , . o:y have he.d eol<,r) of th0i pl .. ec!;p1 tnt8 aol-t-<!-tt"'c 
Figm·e 13. Sunerna t a.nt toxaDl1snc conce ntration f r om i ndica t e d s odium 
hydroxi de concc nt r2tions ( r efc:r e nce Table 6, Trial 3). 
700 






0 r--·1 _ fl __ 
SP.mpl e No. 1 2 3 ~-
Nc:cOH (rngjl) 350 850 1, 690 2 ,1 20 
Removal (%) 53 95 97 74 
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t:rn tio:n or toxnphfln · .~., ch ooul · be err• o t. voly rtt ... ovea \':1 ·n 
ti cone. ntre~,:i.on of atH!1urt hydrox10~1 ot 650 r:ig/l. Th~ :r ,;.sult 
ot Tri!':il. li &rt~;'~ s.hoPn 1n Trible 6 rmd Pt gui• , 14. It apn(Ht.r , 
tU'lder th~ con ::t t,ton~ o!' the ri::-tal, · i:rnt 91;; of a 1,2()0 ~g/1 
t.ox.aphon~ C(mc~rrtr,1ottion cnn O!ii etr ct;.ivoly rfl.mov0c by t -~ 
pr-eecipi tat~ . It ~houl t o~ no·t~d that thr, q'tltu1t 1 ty ~nd. oharr,.ot$ 
of t.1~ p1~~td.1'itn:te w.fful , v~:rr i.n other s1-tu!itiorr • 'lb.o I .. r .u. 
t:.t i, wa,t;,~r is c-orHd . r<+d to be !'9lat1 1 ).y nhardH and thu~ ~o?"e 
hardn~e~ wou1·" px~oo.ip,:l t,1t0 nrH! ;;1or t ox.aph r 'l.'j r .~moveil wnuld 
b'il ·xpeetF.ld th .n i situe. iotH~ wher e ~he "ii '·tt:lr lfll relo·ively 
'1aoft/t. ' le tiiUbr;.tt t 't:lt ton or limi:t for- !ilaOH ..,;-ould umso :more. 
pr~oirJ i t te snd- might r,a{!!ult 1 · gr~mt~r ro~oV8l etfi-oi~mey 
&s well t\5 l $ trn che~.1oiil ooet . 
Figure 11.~. Su.perna tant toxaDhenc conce rrb_•ation from in~.i.c2 ted ini tiol 
to;..aphenc concc i~=tr2.tions ( r efer ence Table 6 , Trial lt ). 
6,000 
,......_ (850 rng/1 NaOH Concentration ) 
rl 













0 -= .1-L.. Sar,:oL~ }'.o • 1 2 3 4 
Tox~phe ne (mg/1) 600 1200 2iwo 3600 
Remov2l ( %) 94 91 38 16.6 
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The objeet1ve of thin ·study wa£ to E,Valuate thtl efteot 
of i'illowin . .:. to1ts:rihtn1~-, in ooneen .~et 'ion$ eott.M()nly us~t~. !1 
an i rnnl (:i!:p tank~,. ,t;o b~ d1J!t1ped i nto sant t~ry sewer s and llo et 
t.o pas~ th:rough an e.etivt1.t-~tl sludgtl! tr.~fitr::.~nt prtH~t,Hts. It 
the o!'fl uiant conc~nt :rat i.<>·ns of. 'to.xe.phe.J:'Hl) l&a\t1ng thli tveat?l'lent 
pitoce~el w~r0 :Pol ltrtiotuil l ,:; hnz.a1;'\do; s or it tiie oxirphenll h~d 
a detrirwntnl of.fact on th.a t.ro!ltment proe:ese an ntt~v1-p t to 
find a pNtrellt tuent r.r-oe·f.HJ wn.i to b~ mnoe • 
Tb~ first ph,ut:o of the; worit w,u, cwnllueted n.t thf't ~~at,er 
i?ollntion v-011trol ?l tmt of th~ :a ty of l~-=l . ., Iowa or1 an aot i vat .d, 
sl'U/'g~ pilot pl~nt, ir:ox~ph;l'tt"t~ w~e &p ·,l1ac~ t ,o tht'! p·ilot in 
oon.contli"n 1<me; oJ: 4 .• ; J mg/l a:n<l 4J3 1a,g/l fo:t' on1~ hour JH>riod 
and 3 .,62 mg/ 1 for n 't tml vt11 hour i,~rtod .• 
P~ot!"l~H1 t m<.n1t of' to,c!lprvme ;nu rattl!!lm,~t~ . by iuk:i ·ton ot 
!!!odt.um hy d~ox1d~ t,.o <1o. ehlor1nnta t . toxnt:~hen~ ,~n<1 to eonc~nt ret 
i b !f tt-e: eorp ~;ion on t h r ~m .. l'ting sof't in, r.d .. 11g pt'eolp1tn.te . 
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plan, con a.bv.H1 l~33 m,g/1 of" tox,aph~ne- for on-e hour, the 
1.1>f • u>0nt h,!h~ p, n~sk eon:e<!!lnt.ra .1.on of 0 .10 !llg/1 which is 
to 1'1 h,. 
I!l'FJ..'1 redue~ th1;1 d0teetu:ble toxstphene tn rs. flli~ed tH.inpl e by 
;;o pGrcent., prasu.>)Qa.bl,v du.f) to d~ehlor-ina,tion. 
6. ·pr~._.r<u~tm~nt or ia 1,200 r~/l toxsphan ~mul ton td .. t.h 
o<ii-um hyef>¢.::d.de followe<l by a s:~ttl1n!t period on reduee. 
.. h~ t!~t$cte.ble toxaphe:n~ in tho . uptn•nnte- . t b;r a.s ttr.zeh 
1, In view of the inability of th.a .metho<1 stu<Ued to r:rt':nove 
th ., tox.:. -h~me n:t10-qu tel.y, .conni•ior.at!c·n shov.ld b • .rr-1ven 
to the iu:ai ot !tl t~ttnato p stioi,:e"' whi ch a 'l!l .les.s :p rs-is nnt, 
..:ir more r~adily degrsde6 bi olo1:;~1cmlly or e?:H1vJlc lly. 
2. Acdi.ttoncl s.;,u,<itu, ot the; p~~treat,r11~·mt of' the: dipp1.t1r.:; 
tarik ooz,t~rit& at high ·pH shoul-/ ho concu.cttHl . Tho tJtucJ . s 
Ghould ln1.~lu0~ htqaf,tHty or oth teehn1q1.H~o to aveltlS 'U-1 
t.ha; tQxie1 ty or the rt~w<..\l t in,g '.9l"Odt ct • 
3. I!"' ·b~ l,'H"C~hlcte r~su ... tin,g rrot'll ehe,r,i cal p~~tr~a ···r.r:emt Sl4'~ 
~till to~ie, et·•d ' '3, tbould be ~.tH!o· to t"1.nti e.·,.d;.t b l 
d1$potuiil mothoda tor- trHl tH\t t let! sludge ¢-Ont irrlno; th~ 
p~ t- t i ct (la . 
diUJir>t'b- t!'! to do eo nt f:l. low, l;Z.Ont, roll~d,. i'.'e.ta to l"-$1uee 
th1- peok cono~n.t.re.tton \-J 1ich pe.e.~~s th.rough thn ttt~. trn'.;)•nt 
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